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Abstract
Reproductive traits are critically important for understanding how organisms
adapt to their respective environments. In this study, we provide information on
relative litter mass (RLM) and other litter and neonate related characters of nine
female Plestiodon lynxe captured in the field. We also recorded seven body dimensions in 16 neonates and 15 two-month juveniles, and on the basis of these dimensions we compared the body shape of these two age classes to detect changes
in the proportions of body parts. The average litter size (4.55) is larger than that
found in other viviparous species of Plestiodon, but smaller than those of congeneric oviparous species of similar size. However, the average body size of newborns (25.49 mm) is similar to that of other oviparous and viviparous species of
Plestiodon. The average RLM was relatively high (0.36). The relative size of the
head and limbs becomes proportionally smaller, whereas the axilla-groin length
becomes proportionally larger in the first 2 months of life. We suggest that these
changes are related to changes in locomotion and microhabitat use.
KEYWORDS

allometry, lizards, ontogeny, reproduction, reproductive effort

I N T RO DU CT ION

The impact of the pioneering studies of Fitch (1970) and
Tinkle et al. (1970) on life-histories of lizards and snakes
was noticeable in an important increase in publications
on this topic in subsequent years (Vitt, 2015). Among the
most frequently documented traits are newborn size and
weight, litter/clutch size and weight, and reproductive

effort (Duffield & Bull, 1996; López-Alcaide et al., 2020;
Recknagel & Elmer, 2019). The small size and inexperience
of neonates make them particularly vulnerable to predators and, in seasonal environments, to the cold weather
and reduced moisture characteristic of the less favourable
season (Morafka et al., 2000; Vitt, 2000). Consequently,
predation risk and competition for resources have played
a fundamental role in the evolution of their body size
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(Ferguson & Fox, 1984). In a proximate sense, newborns
size depends mainly on the amount of energy invested
in each one of them and/or on the diameter or shape of
the pelvic opening in females (Congdon & Gibbons, 1987;
Sinervo & Linch, 1991).
In theory, for populations at steady state, no matter
how many offspring are produced over a lifetime, only two
will survive and replace both parents (Burger et al., 2019,
2021). Also, all of the biomass energy assimilated from the
environment must be expended in respiration and production, and energy allocated to production must exactly
match the energy lost in mortality (Burger et al., 2019).
Based on these two premises, the metabolic theory of life
history predicts a fundamental trade-off between size and
number of offspring (Burger et al., 2019). Empirical data
and theoretical models based in metabolic theory predict
a curvilinear relationship between number of offspring in
a lifetime and relative size of offspring (mass of offspring/
mass of female: Burger et al., 2019). It is not clear whether
the relationship must also be curvilinear in a single reproductive event of an iteroparous species. However, in
practice, the trade-off has been reflected as a linear negative relationship between size and number of offspring
(Example, Charnov & Morgan-Ernest, 2006).
Reproductive effort is the proportion of the total energy
acquired by an organism in a specific time that is devoted
to reproductive processes (Hirshfield & Tinkle, 1975).
This is a fundamental concept in life history theory. The
more energy allocated to reproduction in a given time, the
greater the reproductive benefit (for example, larger litter
size and/or offspring), although the energy expenditure
involved will be negatively related to the future reproductive capacity of the organism. In this way, reproductive effort in each reproduction event must be such that
it maximizes the fitness of the individuals (Hirshfield &
Tinkle, 1975). In practice, however, to what extent the
adequacy maximization assumption holds is difficult to
know. Consequently, many studies assess reproductive
effort at a particular time period using the clutch/litter
relative mass (RCM/RLM), or the fraction of body mass
devoted to reproduction (Gerald & Miskell, 2007; López-
Alcaide et al., 2020; Suárez-Rodríguez et al., 2018). This
expresses, in relative terms, the extra mass load carried
by pregnant females and is negatively related to their
locomotor performance (Vitt & Price, 1982). The main
selective factors that control this trait are related to the disadvantages associated with the decrease in the locomotor
capacity of pregnant females, such as the increased risk of
predation and its negative effect on the search and capture
of prey (Vitt & Price, 1982).
Few studies compare the morphology of neonates and
juveniles, even though this is a critical stage in animal's
life. Neonates are the smallest and most vulnerable size

class in natural populations, and it is not surprising that
the highest mortality occurs at this stage of life (Vitt, 2000).
Many of their characteristics change, are reduced, or lost
during the first 10% of their pre-breeding life (Morafka
et al., 2000). In particular, early developmental changes
in body size and shape are often associated with changes
in diet (Lind et al., 1994), microhabitat use (Kohlsdorf
et al., 2001; Lambert et al., 2013; Martín & López, 1998)
and mode of escape from predators (Landová et al., 2013;
Stamps, 1983).
Plestiodon lynxe is a little studied species. In the only
work on this species, Ramírez-Bautista et al. (1998) documented that in Pinal de Amoles, Querétaro, P. lynxe exhibits a fall reproductive pattern and has an average litter size
of 4.7. In this article, we provide information on the reproductive output of a population of the Oak Forest Skink,
Plestiodon lynxe, which inhabits the eastern part of the
Trans-Mexican Volcanic Belt. We also compare the body
shape of neonates and 2–3 months juveniles and discuss
the ecological significance of the differences found.
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MATERIALS AND METHO D S
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Study species

The Oak Forest Skink Plestiodon lynxe (Squamata:
Scincidae) is a relatively small viviparous species with an
elongated body and reduced limbs (Figure 1). Juveniles
have a bright turquoise blue tail, but this colour fades in
adults. Plestiodon lynxe is distributed at relatively high altitudes in the Mexican Plateau, the Trans-Mexican Volcanic
Belt, and in the southern portions of the Sierra Madre
Occidental and Sierra Madre Oriental, although it has been
reported in areas as low as 300 m (Webb, 1968). Because of
its semifossorial and secretive habits, it is difficult to observe when is active. During the day it frequently takes
refuge under rocks moderately cemented to the ground.
The Official Mexican Norm NOM-059-SEMARNAP-2010
considers it as a species subject to special protection. Two
subspecies are currently recognized: P. l. lynxe which occurs in the Sierra Madre Oriental and the Trans-Mexican
Volcanic Belt, and P. l. belli which occurs in the Sierra
Madre Occidental and the Central Plateau (Bryson Jr.
et al., 2017). This study focused on P. lynxe lynxe.

2.2

|

Study area

The study site is located approximately 2 km east of
Oyametepec, municipality of Ixtacamaxtitlán, Puebla
(19°32′51.70″N, 97°45′42.9″W), at 2983 m of elevation
(Figure 1). The climate is temperate, sub-humid, with the
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F I G U R E 1 (a) Study organism: An
Oak Forest Skink (Plestiodon lynxe). (b)
Map showing the study site in the town of
Oyametepec (red point), Ixtacamaxtitlán,
Puebla.

F I G U R E 2 Monthly temperature and precipitation averages
based on 59 years of records (1951–2010) for Ixtacamaxtitlán,
Puebla. Data downloaded from the website of the Servicio
Meteorológico Nacional, Comisión Nacional de Agua (CONAGUA)
(https://smn.conagua.gob.mx/es/).

rainy season in summer. According to the closest meteorological station to the study area (≈6.5 km to the southwest), the coldest month is January, with a mean monthly
temperature of 8.2°C, and the two hottest months are April
and May, both with mean monthly temperature of 12.2°C
(Figure 2). The average annual rainfall is 974 mm, and rain
is concentrated mainly from June to October (National
Meteorological Service of the National Water Commission
[CONAGUA: https://smn.conagua.gob.mx/es/]). The surrounding vegetation is pine forest (Rzedowski, 1978). All
the specimens were collected in grassy, rocky, open areas
where the rocks serve as a temporary refuge for these
organisms.

2.3
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Field work

Nine pregnant females were collected: two on March 14,
2013; six from mid-May to early June 2014 and one on June

1, 2019. In addition, from late August to early September
2014 15 juveniles were collected which, given their size,
were considered to have been born in the same year of
their capture. The nine pregnant females were transported
to the Museo de Zoología of the Facultad de Estudios
Superiores Zaragoza, Universidad Nacional Autónoma
de México, where their weight before parturition (BP-
BW) and their snout-
vent length (SVL) was recorded
with a digital electronic balance (precision of 0.01 g) and
a digital calliper (precision ±0.01 mm), respectively. The
15 juveniles were examined in the field and immediately
released in the study area. The data recorded were body
weight (BW), snout-vent length (SVL), head length (HL,
measured from the tip of the snout to the posterior margin
of tympanum), head width (HW, measured at the level of
the upper temporal scales, between the mandibular angles), neck length (NL, measured from the posterior margin of the tympanum to the shoulder), axilla-groin length
(A-GL, measured from the axilla to groin), femur length
(FL, measured from the groin to the knee) and, in the case
of organisms with a complete tail, tail length (TL; measured from the cloaca to the tail tip). The weight and body
measurements of the juveniles and specimens born in the
laboratory (see below) were recorded with the same instruments as for pregnant females.

2.4
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Laboratory work

The nine pregnant females were kept at room temperature in plastic containers (20 × 40 × 20 cm) until the birth
of the neonates. During their stay, the females were fed
with mealworms (Tenebrio molitor) and provided with
moisture using absorbent paper towels moistened with
water. The containers were checked between one and
three times per day to verify the birth of the neonates. The
same data taken from the young were recorded from the
neonates from 1 h to 1 day after their birth. The following morphological measurements were taken: postpartum
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body weight (PP-BW), litter size (LS), litter weight (LW,
sum of newborn weights), average body weight and SVL
of the neonates of each litter (BW-N and SVL-N, respectively), and the relative litter mass (RLM), which was
calculated as LW/PP-BW. However, this trait also was calculated as LW/BP-BW, which, although it has the inconvenience of including LW both in the numerator and the
denominator, allows the trait estimation to be compared
with previous studies, in which it was estimated in the
same way (see discussion). Once the data were recorded,
the nine females and their neonates were released into the
study area.

2.5

|

Statistical treatment

Mean ± SE and ranges of the reproductive and morphometric variables were calculated. To address whether the
variables subjected to linear regression met the assumptions of homoscedasticity and linearity, we examine plots
of residuals versus predicted values of the pairs of variables involved. In general, the residuals were distributed
around of a horizontal line without showing any particular pattern, which we consider indicative of homoscedasticity and linearity. Pearson product–moment correlations
were used to detect significant relationships between SVL,
BP-BW, or PP-BW, and each recorded reproductive trait
(LS, LW and RLM, calculated considering PP-BW). Since
it is common that the size of the pregnant females influences the size and weight of the litter, partial correlations
were made, keeping the SVL of the pregnant females as
covariate, to detect significant relationships (positive or
negative) between LS, BW-N, and SVL-N. To compare
the body shape of neonates and juveniles, shape variables
(free from the effect of body size) were obtained following the Mosimann method (Mosimann, 1970). For each
juvenile and newborn, a body size index (SIZE) was calculated as the geometric mean of the original values of six
morphometric traits (SVL, HL, HW, NL, FL, and A-GL)
and shape values were calculated by subtracting the log-
version of the size index from the logarithmic of a trait (e.
g., Log[HL] − Log[SIZE]). To obtain the tail shape variable,
only lizards with complete tails were considered, which
reduced the sample size of the juveniles. For this reason,
in order to evaluate the ontogenetic change in relative tail
length, for each neonate and juvenile with a complete tail
a new size index (SIZEn) was calculated based on the values of the seven recorded morphometric traits, and the tail
shape value was calculated as (Log[TL] − Log[SIZEn]).
To evaluate the statistical significance of the differences
between the averages of the morphometric traits of neonates and juveniles, a multivariate analysis of covariance
(ANMUCOVA) was used, considering the variable SIZE

as a covariate and the morphometric variables, except
the tail one, as dependent variables. Post hoc Bonferroni
tests were used to identify which univariate variables
showed significant differences. Before performing the
ANMUCOVA homoscedasticity of variables were checked
using the Levene test. Due to the relatively small sample
size of juveniles with complete tails, univariate analysis
of covariance was used to assess the statistical significance of the difference in mean TL values of neonates and
juveniles.
To determine whether the morphological differences
detected between neonates and juveniles are explained
by allometry, the allometric trajectories of the recorded
morphological traits were estimated. To eliminate possible temporal variation in the morphological traits of the
neonates, only those neonates born during the same year
in which the August–September juveniles were captured
were considered. Scaling of body dimensions not included
in snout-vent length (HW, FL, and TL) was performed
with respect to the first trait (SVL). Scaling of the dimensions included in the SVL (HL, NL) was in reference to the
A-GL and the scaling of this last measurement was made
with respect to the HL. This prevented the same measurement from being involved in the dependent and independent variables of the regressions. All body measurements
were subject to random error, which violates one of the assumptions of the least-squares regression (Harper, 2014).
Therefore, the original values were log-transformed and
the reduced major axes or standardized major axes (SMA)
regression method was used to estimate the corresponding allometric coefficients (slopes of the regression lines
obtained; See Feria-Ortiz et al., 2021 for method details).
All the variables subject to regression were lengths of body
parts and therefore one-dimensional, which allowed assessing deviations from isometry based on the value of 1.
So, hiperallometry or hipoallometry was considered if the
95% confidence interval for the allometric coefficient (β)
was above or below 1, respectively. Isometry was considered in the cases in which this interval included 1. Except
for the SMA analyses, which were carried out in the
package smatr v. 3.4-8 (Warton et al., 2018) of R (R Core
Team, 2019), all statistical procedures were performed in
the Statistica V8 software (StatSoft, Inc., 2007). In all the
analyses performed, a significance level of 0.05 was used.

3
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RESULTS

|

Reproductive traits

The offspring of females captured in 2013 were born in
early spring, while those of females captured in 2014 and
2019 were born in mid to late spring (Table 1). The mean
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Capture date

n

Average
SVL (mm)

Birth date

Average time in
laboratory days

March 16–17, 2013

2

58.17 ± 1.47

March 27–30

14 days

May 16, Jun 6, 2014

6

61.72 ± 0.85

May 23 to June 13

8 days

June 1, 2019

1

65.68

June 8

7 days

SVL of the pregnant females was 61.37 ± 0.96 mm (56.70–
65.68). The BP-BW and PP-BW averages were 5.50 ± 0.23 g
(4.88–6.25) and 3.43 ± 0.20 g (2.45–4.30), respectively. The
LS ranged from 3 to 6 (mean: 4.55 ± 0.41). In total, the nine
females produced 41 offspring. The means (± SE) and
ranges for BW, SVL, and TL were 0.26 ± 0.01 g (0.18–0.33 g),
25.49 ± 0.23 mm (21.49–26 .61 mm) and 27.48 ± 0.51 mm
(14.81–32.38), respectively. LW ranged from 0.88 to 1.73 g,
with an average of 1.19 ± 0.10 g. The RLM was 0.36 ± 0.04
(0.24–0.61) using BP-BW and 0.21 ± 0.02 (0.16–0.32) using
PP-WB.
No significant relationships were detected between
SVL and either LW, SVL-N, or BW-N (p > .05 in all cases).
However, the relationship between SVL and LS was marginally significant (r = .65, p = .058, Figure 3). Partial correlations did not detect significant relationships between
litter size or weight and either the BW-N or SVL-N (p > .05
in all cases).

3.2
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Body shape and allometry

The averages obtained with the original values showed an
increase in all the measured body lengths, reflecting the
increase in body size of the infants. The shape variables
showed a decrease in the relative dimensions of the head
and hind limbs, whereas the remaining relative lengths
also were greater in juveniles than in neonates (Table 2).
The ANMUCOVA detected significant differences between the adjusted means of neonates and juveniles
(Wilks = 0.48, F = 4.14, df = 8.31, p = .002). The width and
length of the head, as well as the length of the hind limbs,
were significantly larger in neonates than in juveniles
(Bonferroni test: p < .0001 in all cases). In contrast, neck
length, axilla-groin length, and tail length were greater in
juveniles than in neonates (Bonferroni test: p < .0001 in all
cases).
There was no significant relationship between NL
and A-GL, in juveniles or adults. The same occurred in
the case of the FL-SVL relationship (p > .3 in the four
cases). Except for the TL, which showed hiperallometry in the neonates, all isometric escalations occurred in
the neonates, which did not exhibit any growth (Table 3,
Figure 4). That is, larger neonates were born with longer tails, and the A-GL, HL, and HW were proportionally

5

similar in neonates of different sizes. In the juveniles, HL
showed hipoallometry, whereas A-GL was proportionally
longer in larger individuals and in both cases the model
explained about 70% of the variation in the variables involved (Table 3).

4
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Parturition dates

In viviparous lizards that exhibit fall reproductive activity,
the offspring are born at the onset of the growing season,
and it has been assumed that this allows them to maximize
food intake and growth, which consequently increases
its survival through the coming winter (Guillette Jr. &
Bearce, 1986). In accordance with this hypothesis, most of
the births of the Oak Forest Skinks occurred in May and
early June, in coincidence with the onset of the rainy season, and by August-early September, about 2 months after
the recruitment period, the juveniles grew approximately
12.45 mm on average (Table 2). In the population of P.
lynxe from Pinal de Amoles, both the onset of the wet season and the recruitment period occurred about a month
earlier than in the Ixtacamaxtitlán population (Ramírez-
Bautista et al., 1998). However, the early births (late
March) of the two females from Ixtacamaxtitlán captured
in 2013 and the finding of a female P. lynxe from an area
located 50 km northeast from the study area (Tezuitlán,
Puebla) which gave birth to an offspring on January 15,
1949 (Werler, 1949), suggest a notable temporal variation in birth dates. Also, while in Pinal de Amoles ovulation occurs in December (Ramírez-Bautista et al., 1998),
Webb (1968) documented the capture of pregnant P. lynxe
females in September and November, although he did not
provide locality data. Assuming similar gestation periods,
births are expected to occur earlier in individuals, populations and/or years in which pregnancy begins earlier.
However, the length of the gestation period may vary with
temperature (Beuchat, 1988), and it is possible that variation in the time of ovulation also implies variation in the
length of embryonic development. Evidently, it is necessary to carry out reproductive studies in populations from
areas with different climates to shed light on parturition
dates and related issues in P. lynxe.
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Litter size

The average litter size in the population of P. lynxe from
Ixtacamaxtitlán (4.5) is slightly lower than that published
for the population from Pinal de Amoles (4.7: Ramírez-
Bautista et al., 1998). However, the averages are not entirely comparable because Ramírez-Bautista et al. (1998)
estimated litter size based on oviductal eggs or embryos in
the oviduct, which overlooks the occurrence of infertile
eggs or embryonic death (Bonnet et al., 2008). We believe
that intra or interspecific comparisons of litter/clutch size
should be based on estimates of the number of independent offspring, hatchlings, or newborns. The average litter
size of P. lynxe is higher than that reported for P. copei
from Parque Nacional de Zoquiapan, México (3.53 ± 0.24,
n = 15: Guillette Jr., 1983), even though the average SVL of
the females is smaller for the first than for the second species (6.2 and 6.7 cm, respectively). Likewise, the average

F I G U R E 3 Relationship between litter size and snout–vent
length of females of Oak Forest Skink Plestiodon lynxe from
Ixtacamaxtitlán, Puebla, Mexico. LS, litter size.

litter size of P. lynxe is higher than that documented for
P. dicei (3.3 ± 0.66, n = 3: Feria-Ortiz et al., 2007). This
difference suggests the action of fecundity selection in P.
lynxe, which is also supported by the positive (although
marginal) relationship detected between snout-
vent
length and litter size (Figure 2), and by the fact that in
the conspecific Pinal de Amoles population the females
are larger than the males (Ramírez-Bautista et al., 1998).
In comparison, males and females of P. copei and an undescribed congeneric species from San Juan del Valle,
Puebla, have similar body sizes (Feria-Ortiz et al., 2021;
Guillette Jr., 1983).
As in other lizards (Meiri et al., 2020), litter/clutch
size varies widely within the genus Plestiodon, from an
average and possibly fixed size of two in P. reynoldsi
(Ashton, 2005) to a maximum of 23 in P. chinensis (Ma
et al., 2019). Although the litter size of several viviparous
species of Plestiodon is still unknown, given their similarity in body size and shape, it is unlikely that any of
them exceeds significantly the average litter size of P.
lynxe. Consistent with this assertion, two females, one of
P. brevirostris from Santa Inés del Monte, Oaxaca, and another of P. indubitus (previously P. brevirostris) from Tres
Marías, Morelos, had four neonates in captivity (López-
Hernández et al., 2008). Likewise, Bañuelos-
Alamillo
et al. (2016) reported that a female (LHC = 71 mm) of
P. bilineatus from Valparaíso, Zacatecas had a litter of
seven young. It is noteworthy that the SVL of this female
is much larger than the maximum body size found by
Dixon (1969) and Feria-Ortiz et al. (2011) for this species
(60 and 66 mm, respectively). On the other hand, the litter size of P. lynxe, and possibly all viviparous species of
the genus, is small compared with those of some congeneric oviparous species. Ma et al. (2019) documented a
clutch size of 10–23 eggs for P. chinensis and Evans (1959)
and Hullinger et al. (2018) reported clutch sizes of up
to 19 eggs for P. obsoletus and P. laticeps, respectively.

T A B L E 2 Means ± SE and ranges of morphometrics traits, obtained with original (mm) and shape (log[trait] − [SIZE])) values, for Oak
Forest Skinks from Ixtacamaxtitlán, Puebla.
Neonates
Trait

Juveniles

Original values

Shape values

24.04 ± 0.29 (21.49 to 26.26)

HL

5.46 ± 0.07 (3.44 to 4.18)

−0.06 ± 0.00 (−0.09 to −0.01)

7.74 ± 0.14 (4.00 to 6.00)

−0.08 ± 0.00 (−0.12 to −0.04)

HW

3.84 ± 0.04 (3.44 to 4.18)

−0.21 ± 0.01 (−0.26 to −0.15)

4.87 ± 0.14 (4.00 to 6.00)

−0.28 ± 0.01 (−0.36 to −0.23)

NL

3.52 ± 0.07 (2.71 to 4.22)

−0.25 ± 0.01 (−0.34 to −0.17)

5.68 ± 0.21 (4.00 to 7.35)

−0.21 ± 0.01 (−0.34 to −0.11)

LF

2.79 ± 0.05 (2.36 to 3.23)

−0.35 ± 0.01 (−0.40 to −0.28)

3.82 ± 0.07 (3.33 to 4.30)

−0.38 ± 0.01 (−0.42 to −0.33)

TL

36.49 ± 0.75 (31.90 to 41.00)

Shape values

SVL

A-GL

0.58 ± 0.00 (0.54 to 0.61)

Original values

0.59 ± 0.00 (0.55 to 0.63)

12.16 ± 0.19 (10.31 to 14.20)

0.29 ± 0.00 (0.24 to 0.35)

21.37 ± 0.56 (17.50 to 25.00)

0.36 ± 0.01 (0.31 to 0.40)

26.94 to 0.52 (22.72 to 32.38)

0.54 ± 0.01 (0.49 to 0.61)

46.64 ± 1.54 (41.11 to 56.50)

0.60 ± 0.01 (0.56 to 0.66)

Abbreviations: A-GL, trunk length (axilla-groin); HL, head length; HW, head width; LF, femur length; NL, neck length; SVL, snout-cloaca length; TL, tail
length.
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T A B L E 3 Allometric trajectories of
morphometrics traits of the Oak Forest
Skink in Ixtacamaxtitlán, Puebla.
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r2

p

Β

CI

Allometry

Neonates

.27

.006

0.87

0.61–1.24

Isometry

Juveniles

.68

.001

0.70

0.51–0.98

HIPO

Neonates

.33

.006

1.45

0.81–2.60

Isometry

Juveniles

.30

.03

1.39

0.86–2.25

Isometry

Neonates

.006

.80

–

–

–

Juveniles

.36

.018

0.98

0.61–1.55

Isometry

.27

.01

1.14

0.80–1.63

Isometry

.68

.001

1.42

1.02–1.97

HIPER

.49

.001

1.54

1.14–2.06

HIPER

Trait

7

HL-A-GL

HW-SVL

FL-SVL

A-GL-HL
Neonates
TL-SVL
Neonates

Note: See Table 2 for trait abbreviations.
Abbreviations: CI, 95% confidence interval for β; HIPER, Hiperallometry; HIPO, Hipoallometry; p,
probability; r2, coefficient of determination; β, allometric coefficient.

While this is not surprising given that all three species
have robust bodies and appear to be the largest within
Plestiodon, relatively large clutch sizes have been documented in oviparous species similar in size to viviparous
species of this taxon. Hecnar and Hecnar (2019) reported
mean clutch sizes between 7 and 10, with a maximum
clutch size of 20, for different populations of P. fasciatus
and Trauth (1994) published a mean clutch size of 9.6 (8–
13) for 21 females (SVL: 54–66 mm) of P. anthracinus.
The perceived pattern within Plestiodon, where litter/
clutch size is smaller in viviparous than in oviparous species, even when comparing species of similar size, is opposite to that published by Tinkle et al. (1970) for lizards in
general. The most likely reason is that most of the oviparous species studied by Tinkle et al. (1970) were multiple
clutches and therefore with relatively small clutch sizes,
while no oviparous Plestiodon species has more than one
clutch per year and some breed biannually (P. reynoldsi:
Ashton, 2005; P. latiscutatus: Hasegawa, 1984; P. elegans:
Ota, 2004), which should favour a larger clutch size. On
the other hand, the lower fecundity of P. lynxe, and possibly of the other viviparous Plestiodon species, may reflect
a restriction in the maternal abdominal space available
to house offspring acquired with the emergence of viviparity (Qualls & Shine, 1995; Recknagel & Elmer, 2019).
While oviparous females typically lay their eggs early in
embryonic development, when the eggs are still relatively
small (Qualls & Shine, 1995), viviparous females must
maintain them until the end of embryonic development.
Other explanation consists of differences in predatory
environment and body temperature between oviparous
and viviparous Plestiodon. Unlike oviparous species,

viviparous species are prevalent in cold environments
where the risk of predation is relatively low, favouring
the acquisition of a lower metabolic rate and lower reproductive allotment (Auer et al., 2018). On the other hand,
Domínguez-Guerrero et al. (2022) showed that in phrynosomatid lizards, transitions from oviparity to viviparity
were associated with a reduction in body temperature of
5°C and consequently with a lower metabolic rate and
lower specific mass production.
The litter size of P. lynxe, and possibly of most or all the
viviparous species in the clade brevirostris, is also small
compared with those of other fall-breeding viviparous
species of similar size (or smaller) but with more robust
body shapes. Rodríguez-Romero et al. (2004) documented
an annual variation in mean litter size of Sceloporus bicanthalis (mean LHC = 52.1, n = 68) from 6.67 to 7.78.
Ramírez-Bautista et al. (2004) published mean litter sizes
of different populations of the Sceloporus grammicus complex (mean body sizes 44.5–53.0 mm), ranging from 3.31
to 6.2. This suggests that the relatively small average litter
sizes of viviparous Plestiodon species, including P. lynxe,
also reflect a restriction imposed by their body shape.

4.3

|

Neonate size

Ramírez-Bautista et al. (1998) documented a mean body
size of 20.0 mm for P. lynxe neonates in the Pinal de
Amoles population. This size is smaller than our estimate for the Ixtacamaxtitlán population (25.5 mm). Also,
eight museum neonates examined by the first author
(see Appendix A), five descendants of a pregnant female
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F I G U R E 4 Allometric trajectories of four morphological variables: Head length (HL), femur length (FL), and axilla-groin (A-GL) in
juveniles, and tail length (TL) in neonates of the Oak Forest Skink Plestiodon lynxe from Ixtacamaxtitlán, Puebla. β, allometric coefficient; r2,
determination coefficient.

captured in Landa de Matamoros, Querétaro, and three
from Pinal de Zamora, Querétaro, had a lower mean LHC
than those from Ixtacamaxtitlán (23.5 ± 0.49 (22.0–25.5)),
but still higher than those from Pinal de Amoles. Ramírez-
Bautista et al. (1998) did not specify how many neonates
they measured or if any female had offspring in captivity,
and did not provide variation data (error or standard deviation) either. Given that an average of 20.0 mm is lower
than the smallest specimen from both Ixtacamaxtitlán
and other municipalities of Querétaro (close to Pinal de
Amoles), it is possible that the value represents a subjective estimate rather than a calculation based on the measurement of specimens.
The average size of neonates from Ixtacamaxtitlán is
similar to those published for P. brevirostris (24.6 mm),
P. bilineatus (25.2 mm), P. copei (25.0 mm), P. dicei
(26.2 mm), and P. indubitus (26.2 mm; Bañuelos-Alamillo
et al., 2016; Feria-Ortiz et al., 2007; Guillette Jr., 1983;
López-
Hernández et al., 2008). The interspecific similarity in body size of neonates may be due to different

causes, some not mutually exclusive, such as phylogenetic conservatism, a restriction imposed by the pelvic
opening, a similar energy allocation, or a similar size
favoured by natural selection. The size of neonates of P.
lynxe and the other viviparous species of Plestiodon studied is similar to or slightly larger than that of oviparous
species of similar size. Noble and Mason (1933) reported
a mean size of 24.0 mm (23–25 mm) for eight P. fasciatus
neonates from Biloxi, Mississippi and Anderson County,
Kansas, and Fitch (1954) reported neonate sizes of 23 to
27 mm for this same species at the University of Kansas
Natural History Reserve. Rodgers and Memmler (1943)
and Goldberg (2005) documented a mean body size of
25 mm for Plestiodon skiltonianus from eastern California.
Also, Goldberg (2009) documented that a neonate of P.
tetragrammus measured 24 mm and noted that previously Fitzgerald (2009 in Goldberg, 2009) published neonate sizes of 25–26 mm for this species. The smaller litter
size of viviparous species compared with the clutch size
of oviparous species of similar size should imply a larger
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size for the descendants of the former compared with the
descendants of the latter. Available data suggest that this
does not occur within the genus Plestiodon. Additional
studies are needed to confirm or refute this observation.

4.4

|

Trade-offs number/offspring size

The trade-off between the number and size of offspring
was not detected. That is, a negative relationship between
these traits as those observed in other works (Bastiaans
et al., 2013; Plummer, 1992; Suárez-Rodríguez et al., 2018)
was no detected. Although in some cases the reason may
be deficient control of the effect of body size on the reproductive variables analysed (Ford & Seigel, 1989), some factors have been detected that may obscure the relationship.
Uller and Olsson (2005) found that in Lacerta vivipara the
number/size of offspring tradeoff was obscured under natural conditions by high variation in resource acquisition
among females, whereas Bastiaans et al. (2013) attributed
the non-detection of a negative relationship between size
and number of offspring in Sceloporus grammicus to the
high variation in hatchling weight within litters. Thus,
further studies are needed to investigate in more detail
whether the tradeoff is actually absent in P. lynxe as it happens in some snakes and turtles (Plummer, 1992), or if its
detection was obscured by biological or statistical factors.

4.5

|

Relative litter mass

Species that ambush their prey and rely primarily on
camouflage to avoid predation tend to have robust body
shapes, relatively large clutches/litters, and higher RCM/
RLM than those that forage widely and use running as
their primary strategy of escape (Huey & Pianka, 1981;
Vitt & Congdon, 1978). Plestiodon lynxe has a slender and
cylindrical body, and while its anti-predatory or foraging
behaviour has not been studied, it has been observed to
run away to inaccessible places such as dense grass or narrow spaces between roots underground when someone
tries to catch it, and it is possible that, like other species
of Plestiodon, it detects its prey chemically, which is characteristic of species with active foraging (Vitt & Cooper
Jr., 1986a). Thus, it would be expected to have a low RLM.
However, its RLM (0.36 and 0.2 based on PCO-DP and
PCO-AP, respectively) is relatively high compared with
Aspidoscelis lizards, which are active foragers and less
slender than Plestiodon. Vitt and Price (1982) reported an
average RCM of 0.148 ± 0.006 for nine species of this genus
(based on clutch weight/female + clutch weight ratios).
López-Moreno et al. (2016) published an average RCM
of 0.19 ± 0.012 (0.14–0.23, n = 8) for Aspidoscelis costatus
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and highlighted that this value was relatively high within
the genus. The relatively high RLM of the Ixtacamaxtitlán
skinks may be explained, at least in part, by their body
shape. An elongated body and reduced limbs increase
the abdominal volume available (relative to body size or
weight) to house offspring and assuming that pregnant
females fully “occupy” their abdominal space with eggs a
relatively high RLM would be expected (Shine, 1992).

4.6

|

Body shape and allometry

The morphology of P. lynxe neonates changes markedly
in the first months of life. The relative sizes of the head
and limbs decrease while the lengths of the trunk and tail
increase. This suggests that part of the morphology that
characterizes Plestiodon (an elongated body and reduced
limbs) is acquired during growth. Ontogenetic changes
in body shape have been documented in other species of
lizards and in some of them it has been detected that they
are associated with changes in aspects related to locomotion, diet and/or habitat use (Kohlsdorf et al., 2001; Miles
et al., 1995; Pounds et al., 1983; Toyama et al., 2018). It
is feasible to consider that the changes in body shape detected in P. lynxe are related to changes in habitat use
and locomotion. Although these aspects have not been
studied in this species, some observations support this
hypothesis. First, in practically all reptile species, the
small size of the neonates and their naivete make them
a preferred target for many predators, which makes one
of their main priorities to eat and grow (Hawlena, 2009).
While active, they are constantly on the move in search
of food, and many aspects of their ecology, such as habitat use, types of prey they consume, and predators and
anti-predatory strategies, are expected to differ markedly
from those of adults (Morafka et al., 2000; Vitt, 2000). In
particular, in many Plestiodon species, including P. lynxe,
the tail of neonates or hatchlings is bright blue, while
this colour is lost or less conspicuous in adults (Hawlena
et al., 2006; Yang et al., 2019) and, at least in some species, this difference in colour has been shown to imply a
difference in their anti-predatory strategies (Cooper Jr. &
Vitt, 1985; Vitt & Cooper Jr., 1986b). In neonates, which
are constantly on the move, the striking blue colour deflects predatory attacks towards the tail, while adults,
who tend to be more sedentary, often rely on camouflage
to avoid predation. Second, juvenile and adult skinks
commonly seek refuge in relatively loose rocks sitting
on the ground. In this study, all of the young and adult
skinks were captured under rocks or other debris on the
ground. Also, when one tries to catch them, they usually escape by making their way through plant roots or
small spaces underground or by going into the thickness
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of the grass or among debris on the ground. On the other
hand, it is not common to find neonates under rocks.
They are usually detected while they are moving on the
ground, presumably in search of food. It is expected that
trunk lengthening is correlated with a more frequent
and efficient use of serpentine movements (undulatory:
Kaliontzopoulou et al., 2010), which, in combination
with reduced limbs, would facilitate movement through
places of difficult passage. In summary, the change in
body shape may be associated with improved undulatory
displacement and more frequent use of hard-to-transit
microhabitats. However, more studies are needed to improve our understanding of the ontogenetic structure of
habitat use and its relationship with morphological and
functional aspects of the species.
Pounds et al. (1983) detected negative allometric growth
in the hind limbs of four species of lizards and considered
this to be consistent with a hypothesis previously established by Kramer (1951), who detected negative ontogenetic allometry in the growth of these limbs in Podarcis
siculus (=Lacerta sicula). Kramer (1951) noted that the
relative length of the hind limbs of P. siculus reached its
maximum size in the hatchling and hypothesized that this
particularity gives this species a better locomotor ability
at a time when it is particularly prone to predation. Our
results for the Oak Forest Skinks from Ixtacamaxtitlán are
similar to those for P. siculus and the four species studied
by Pounds et al. (1983); thus, they also fit Kramer's (1951)
hypothesis. Toyama et al. (2018) found that in Microlophus
thoracius, an omnivorous species, the relative width and
height of the head increase as the organisms become
larger and noted that this increase was correlated with an
increase in the consumption of plant material. The ontogenetic change in relative head size in P. lynxe may also be
related to diet, but in a different way, since in this case it
is the neonates that have relatively larger heads. Head size
has been related to bite force and efficiency; a larger head
implies a stronger bite and the consumption of larger,
harder prey (Herrel et al., 1999). Thus, the relatively large
size of the head of P. lynxe neonates may allow them to
consume a greater diversity of prey than they would be
able to if they had proportionally smaller heads like the
juveniles.
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APPENDIX A

SPEC IMENS EX AMINED

MZFC-HE = Museo de Zoología, Facultad de Ciencias,
UNAM.
Plestiodon lynxe lynxe, 7 km East of Tres Lagunas, municipality of Landa de Matamoros, Querétaro (21°17′52″N,
99°10′46″W), 2060 m, May 23, 1997: MZFC 9155–9158,
9164, Neonates of the female MZFC-HE 9154.
Plestiodon lynxe, Pinal de Zamora, Colón, Querétaro
(20°55′27″N; 100°10′48″W), 3148 m, June 8, 1996,
MZFC-HE 9393–9395.
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